
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world byJSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.istor.org/participate-istor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



AMERICAN 
JOURNAL OF BOTANY 

Vol. VI November, 1919 No. 9 



A STUDY OF SOME FACTORS IN THE CHEMICAL STIMULA- 
TION OF THE GROWTH OF ASPERGILLUS NIGER 

Robert Aaron Steinberg 

(Concluded from the October Journat) 

The results obtained in these attempts to effect a still further increase 
in the yield by the addition of free acid during growth as compared to its 
addition before inoculation are not conclusive. While experiments 28 and 
29 would lead one to suspect that the optimum hydrogen-ion concentration 
for growth varies during the growth of the organism, experiments 30 and 
31 do not seem to bear out this assumption. On the other hand, it must 
be admitted that the procedure followed in experiments 30 and 31 is not 
wholly comparable to that in experiments 28 and 29 with respect to the 
degree of the variations in acidity, imposed as they are in one instead of 
several days. I believe, therefore, that the results of experiments 28 and 
29 should be given greater weight than those of experiments 30 and 31. 

The contention of Nikitinsky (48) that A. niger eliminates a "stimula- 
tive" substance into the nutrient solution whose action is frequently 
inhibited by excessive increase in acidity of the cultures seems to me un- 
proven. A glance at experiment 2 (of Nikitinsky) shows that the acidified 
cultures produce a greater yield (first harvest). Reference, moreover, to 
experiments 6, 7, 8, 9, and 11 indicates that in the majority of cases (see, 
however, PenicilHum griseum grown on NH4NO3, experiments 7 and 11) 
when the acid formed in the first culture has been neutralized, the resulting 
yield in the second culture does not exceed that in the first. On the other 
hand, the yields for the second cultures, without neutralization of the acid 
formed by the first, show as a rule an acceleration of growth. The growth 
accelerations usually obtained through addition of excess CaCOs, while 
without doubt in some cases due to a reduction in excessive acidity (experi- 
ment 23, culture 3) are in the majority of cases due to other causes, since 
previous observers (Wehmer, 68; Butkewitsch, 8) agree that a decrease in 
growth always occurs. 

We may turn now to some results obtained by the use of a method of 

purification of the culture medium. The marked increase in yield following 

the addition of increased amounts of magnesium sulphate suggested the 

question whether the apparent action of the magnesium sulphate is due to 

[The Journal for October (8: 311-356) was issued Nov. 20, 1919.] 
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the salt itself or to the impurities present in the salt. Recourse was had 
to further chemical purification. 

The method of purification used depends on the fact that the "stimu- 
lants" in question are salts of cations whose hydroxides (and carbonates 
also) are quite insoluble and but weakly ionized. The barium carbonate 
method (66) of separation of ferric, aluminum, chromic, titanic, and uranyl 
salts from manganese, nickel, cobalt, zinc, and ferrous salts has long been 
known and is a standard method in the chemical laboratory. In using this 
method of separation it is necessary to carry out the hydrolysis in the cold, 
since on warming the salts of the bivalent metals are also hydrolyzed to an 
appreciable extent and are then precipitated by the barium carbonate. 

It is evident, however, that the use of barium carbonate would be 
objectionable from a physiological point of view, since some barium neces- 
sarily goes into solution. Calcium carbonate, however, with use of higher 
temperatures (20 minutes at 14^ pounds in the autoclave) apparently 
causes the precipitation of these metals (iron, zinc, etc.) as effectually, and 
was therefore used in place of the barium carbonate. 

The details of the method of treating the Pfeffer solution as I have used 
it are as follows : The Pfeffer solution is prepared by weighing out the sugar 
and salts (except iron sulphate) into the same beaker, redistilled water is 
added, and the compounds are permitted to go into solution. The solution 
is now placed in liter pyrex flasks, 15 grams of dry CaCOs (Baker's 
"Analyzed") are added per liter, and the neck of the flask is plugged with 
absorbent cotton. The contents are now thoroughly rotated so as to 
insure mixing and placed in the autoclave for twenty minutes at 14^^ pounds 
pressure. On removal from the autoclave the flask is again rotated to cause 
mixing of the contents and set aside in a cupboard for 12 to 24 hours, or 
even for several days. When required for use it is necessary only to remove 
the cotton plug and to decant the supernatant liquid into a beaker. Fifty 
cc. of culture medium are now poured into each flask, the flask is plugged 
with absorbent cotton and sterilized. The substance to be tested, iron, 
zinc, etc., is added the next morning shortly before inoculation. 

The Pfeffer solution so treated is still slightly acid to litmus, gives 
excellent tests for phosphates and sulphates, and without doubt contains 
calcium. The CaCOa residue contains appreciable amounts of phosphates 
and sulphates from the nutrient solution, but a test for sugar (Fehling 
solution) gave negative results. A slight precipitate forms in the treated 
solution on sterilization. The composition of this precipitate as well as 
that of the nutrient medium has as yet not been definitely determined, but 
it is planned, in connection with the testing of various other heavy metals 
and their combinations as substitutes for iron and zinc, to ascertain analyt- 
ically just how and in what degree the components of the Pfeffer nutrient 
solution undergo modification as the result of the treatment. Reference 
to the earlier experiments given in this paper indicate that the variations 
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in the proportions and concentrations of the Pfeffer nutrient solution which 
probably occur are not factors of primary significance. 

With a culture medium so treated I have obtained on addition of both 
iron and zinc a dry weight of 1.158 g., and with the untreated Pfeffer 
solution a yield of i .024 g. Both these values are maximum values for the 
W strain when supplied with iron and zinc. The maximum yield I have at 
any time obtained is 1.174 g. in culture with my original strain grown on 
Pfeffer solution and in Jena glass. 

32. The effect of treatment of the magnesium sulphate as shown by its action on growth. 

Strain W, 7 



{A) 10:5 :i3o 


(B) 10 : 5 : 130 (MgSOc 7HsO Purified). 


No Zinc 


i.o Mg. Zn/L 


No Zinc 


1.0 Mg. Zn/L 


0.718 g. 

0.776 

0.772 

0.668 

0.725 


0.757 g. 
0.768 

0.752 
0.836 
0.882 


0.431 g- 
0.432 

0.456 
0.472 
0.491 


0.785 g. 

0.849 

0.839 

0.839 

0.923 


0.732 


0.799 


0.456 


0.847 



Solution (5) was prepared with MgS04.7H20 that had been autoclaved in 26% 
solution with 30 g. CaCOa per liter, the solution after treatment being decanted and used 
>n making up the Pfeffer solution. The "no zinc" under solution (5) refers to the fact that 
none was added to the magnesium sulphate before its treatment; " + 1.0 mg. Zn/L" refers 
to the fact that enough zinc was added to the magnesium sulphate before treatment so 
that in the preparation of the Pfeffer solution this concentration of zinc should result. 
That is, the 26 percent solution of MgS04.7H20 contained in the latter instance 2.0 mg. 
Zn/L before treatment with CaCOs. The zinc cultures were sterile; excess zinc, p of 
11 cultures on harvest was 1-2. 



The results of experiment 32 indicate clearly that the treatment with 
CaCOs acts essentially through a reduction of the zinc content of the 
MgS04.7H20. With solution (.4), zinc is present in too high concentration; 
in solution (5), the treatment has apparently removed an appreciable 
amount of zinc, as is evidenced by the increased yield and increased fructi- 
fication. As respects solutions (A) and (B) in those cases in which no zinc 
was added, we note that the treatment results in a reduction in yield. On 
the other hand, a comparison of the cultures in solution (B) with and with- 
out zinc would indicate that the action of the CaCOs cannot consist in any 
action on the MgS04.7H20, but must depend on the removal of the im- 
purities present. 

After decantation of the solution from the CaCOs, the residue (15 g. 
CaCOs + 100 cc. Pfeffer solution) was used as a medium. An excellent 
"stimulated" culture resulted, a demonstration that the "stimulative" 
substances (zinc) had been removed from the Pfeffer solution by the CaCOs. 
The cultures in the treated solution exhibited much scantier growth and 
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spore formation than the control. The conidiophores in the former had 
apparently been reduced to a minimum length. 

33. On the removal of added zinc from the culture medium by treatment with CaCOj. 

Strain W. 7 





i.o Mg. Zn/L + 30 g. CaCOj/L 


Control 


CaCOj Added Before Sterilization 


CaCo3 Added After 




CaCOs Not Removed 


Decanted Solution 


Sterilization 


0.078 g. 

0.082 

0.091 

0.087 

0.090 


0.545 g- 

0.581 

0.802 

0.780 

0.558 


0.039 g- 

0.050 

0.042 

0.043 

0.039 


0.759 g- 

0.993 

0.750 

0.476 

0.952 


0.086 


0.653 


0.043 


0.786 



Cultures prepared from 
solution decanted from CaCOa 



HNO3 



0.1 cc./ilask 

0.1 

0.2 

0.2 



0.084 g- 

0.103 

No growth 



As can be seen from experiment 33, the evidence for the removal of zinc 
by this method of treatment with CaCOs is quite conclusive. Furthermore, 
it is to be noted that the addition of CaCOa to a zinc culture (i mg. Zn/L) 
depresses the yield least when added after sterilization, to a greater extent 
when added before sterilization, and most when it is added before steriliza- 
tion and the supernatant liquid is removed by decantation. That is, the 
presence of calcium carbonate in the cultures causes a decrease in the rate 
of growth similar to that described by Wehmer (68), Butkewitsch (8), and 
Nikitinsky (48). If the calcium carbonate is added before sterilization, 
the effect of the heating in the sterilization process will be to cause the 
hydrolysis and precipitation of the zinc. The constituents of this residue 
go slowly into solution, thus affording zinc and iron necessary for the 
increased growth. If, however, the residue of calcium carbonate with its 
contained zinc, etc., is removed, as is the case when the solution is decanted, 
then growth is sharply limited. Indeed, in the latter case it is less than in 
the untreated Pfeffer solution. 

I next tested whether the addition of nitric acid to the treated solution 
influences the yield. Two duplicates with o.i and 0.2 cc. HNO3 per flask 
respectively were inoculated. In the latter no growth occurred, as was 
the case with the Pfeffer solution without treatment (experiments 20 and 
23). With 0.1 cc. HNO3 per flask, the growth was slightly accelerated, 
and, as was found to be the case with the untreated Pfeffer solution, the 
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hyphae were opaque and the membranes wrinkled. Spore formation had 
been partially suppressed under these conditions. The small increase in 
growth on increasing the acidity indicates that the decreased acidity as a 
result of treatment cannot account entirely for the results observed. 

With respect, therefore, to the marked acceleration of growth observed 
with very high concentrations of magnesium sulphate, I am of the opinion 
that the results observed are due to the presence of minute amounts of 
substances (probably zinc, iron, etc.) as impurities in the magnesium sul- 
phate. 

As I have already had occasion to state in a former publication (65) 
"it is perhaps questionable whether thus far anyone has grown A. niger 
in the complete absence of zinc." Accidental factors are exceedingly 
difficult to control, e.g., variation in purity of a compound — even of different 
samples from the same bottle; contamination with dust, etc., from the air 
and from the cotton plugs of the flasks, etc. 

The use of the hydrolytic purification method is well adapted for the 
study of the influence of zinc and iron on the growth of A . niger. Further- 
more, by the use of this method I have been able to obtain a culture medium 
with which the non-addition of either iron or zinc markedly decreases the 
acceleration of growth by the other. This relation between iron and zinc 
is brought out in experiments 34 to 37 inclusive. 

34. The effect of the addition of iron and zinc to the treated solution. 
Each value for one culture. 

Strain W, ii 

Treated Pfeffer Solution 
Composition of Solution Yield Ph 

Control 0.018 g. 4 

Control 0.013 4 

+ I mg. Fe2(S04)3/flask 0.044 2-3 

5 " 0.026 4 

20 " o.ogg 2-3 

H- I mg. Zn/L 0.040 4 

10 " 0.045 4 

50 " 0.056 4 

H- I mg. Fe2(S04)3/flask -|- i mg. Zn/L . .0.731 1-2 

I " " " -I- 10 mg. Zn/L .0.787 1-2 

The evidence shows that neither ferric sulphate even in 0.4 percent 
concentration nor zinc in a concentration of even 50 mg. Zn/L added alone 
can cause any but very slight increases in growth. If we add, however, 
but 0.002 percent Fe2(S04)3 and i mg. Zn/L together, we obtain the char- 
acteristic phenomenon of "stimulation." The high yields obtained by the 
combined action of zinc and iron have not been demonstrable by any other 
method of experimentation, neither has the markedly limited growth in the 
absence of zinc or of iron from the culture medium. I have further tested 
the possibility that the results with the treated solution are due to the 
calcium ion and the much lower acidity. The influence of the latter 
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factor has been already emphasized. In experiment 35 I have attempted 
to duplicate the conditions with respect to acidity and the presence of 
calcium ion in the treated solution by the addition of ammonium hydroxide 
and Ca(N03)2 to the untreated Pfeflfer solution. The amount of Ca(N03)2 
is of course excessive in this solution as compared with the treated nutrient 
solution where the entire amount of CaCOs added amounted to only one 
and one half percent. The use of one percent Ca(N03)2 was due to an 
error in mixing, it being estimated that a liter of solution had been prepared 
whereas in reality it was only a half liter. 

35. The effect of increased acidity of the treated solution together with that of the addition 
of iron and zinc. 



Strain W, 12 





Control 


Sporulation 


H,P04/Flask 




Yield 


Ph 


Yield 


Ph 


Sporulation 


0.012 g. 

O.OII 

O.OII 


4 
4 

4 


Fair 
Fair 
Fair 


0.2 CC. 

0.3 
0.4 

0.5 


0.097 g- 
0.125 
0.I2I 
0.041 


2-3 
2-3 
2-3 

2-3 


Excellent 
It 

Fair 
Sterile 



Fe2(S04)s/FIask 



Fe2(S04)j 


Yield 


Ph 


Sporulation 


I mg. 


0.030 g. 


3-4 


Fair 


5 


0.033 


3-4 


*' 


20 


0.326 


2-3 


Excellent 


50 


0.655 


1-2 


Sterile 


100 


0.823 


1-2 




200 


0.864 


1-2 


'* 



Mg. Zn/L 



Mg. Zn/L 



Yield 



Ph 



Sporulation 



I 

10 

50 

100 

150 

200 



O.I 15 g. 

0.067 
0.054 
O.IOO 

0.051 
0055 



3-4 
3-4 
3-4 
2-3 
3-4 
3-4 



Fair 



Practically sterile 





I Mg. Fe2(S04)j/Flask 




Mg. Zn/L 


Yield 


Ph 


Sporulation 


0.05 
0.2 

0.5 
1.0 


0.288 g. 
0.562 
0.752 
0.710 


2-3 

1-2 
1-2 
1-2 


Excellent 
Good 
Good 
Sterile 


o.i Mg. Zn/L 


Fes(S04)3/Flask 


Yield 


Ph 


Sporulation 


0.5 mg- 

1.0 

5-0 


0.473 g- 

0.727 

0.685 


2-3 

1-2 

2-3 


Excellent 
Good 

11 
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iM 


g. Fej(S0.)3/Flask 




HjPOi/Flask 


Yield 


Ph 


Sporulation 


0.2 CC. 
0.2 

0.4 


0.134 g. 

0.128 

O.IIO 




2-3 

2-3 

2-3 


Excellent 
Excellent 
Sterile 





o.iM 


g- Zn/L 






HsPO./Flask 


Yield 


Ph 


Sporulation 


0.2 CC 

0-3 

0.4 


0-594 g- 

0.552 

0-337 


1-2 

1-2 
1-2 


Sterile 
Sterile 
Sterile 





0.2 Co 


HsPOi/Flask 




Fe!(S0.)3/Flask 


Yield 


Ph 


Sporulation 


0-5 mg. 

1.0 

50 
20.0 


0.122 g. 
0.090 
0.172 
0.845 


2-3 
2-3 
2-3 
2-3 


Excellent 
Sterile 





0.2 Cc. H 


3P04/Flask 




Mg. Zn/L 


Yield 


Ph 


Sporulation 


0.075 

0.2 

0-5 


0-654 g- 

0.477 

0.456 


1-2 
1-2 
1-2 


Sterile 
ti 



PfefFer Solution 







Control 






Mg. Zn/L 


Yield 


Ph 


Sporulation 




I 
10 
25 


0-253 g- 
0.895 
0.909 
0.972 


3-4 

1-2 
1-2 
1-2 


Excellent 
Good 





+ i%Ca(N03)! + 


3.1 Cc.NHiOH/Flask 




Mg. Zn/L 


Yield 


Ph 


Sporulation 




I 
10 

25 


0.398 g. 
0.850 

0.887 
0.787 


3-4 

1-2 
1-2 
1-2 


Excellent 
Good 



The Ca(N03)2 used was the Baker's "Analysed." In both experiments 
34 and 35 as well as in experiment 36 only 15 g. CaCOs per liter were used 
in effecting the purification. 

Here again it is shown that the addition of both zinc and iron is necessary 
in order to obtain marked increases when the treated Pfeffer solution is used. 
Either alone in much higher concentration is apparently ineffective, growth 
being limited by the absence of the other. Nevertheless, with very high 
iron concentrations a marked acceleration of growth occurs. The same is 
also true for iron in acidified culture (0.2 cc. H8PO4 and 20 mg. Fe2(S04)3 
per flask) as well as for zinc only. It should be emphasized that both the 
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iron and the zinc salt used in these experiments are of a purity sufficient 
for analytical work but hardly come up to the required standard as respects 
physiological work of this character. Enough iron is still probably present 
in the treated solution together with that added with the zinc salt and in 
the spores to enable a limited (0.654 S-)> but still marked, increase in growth 
on addition of zinc to take place. Aso (i) has reported that in the case of 
Aspergillus Oryzae the spores contain appreciable amounts of Fe203 (0.14 
percent). With a similar iron content in the spores of A. niger it is quite 
evident that enough iron might be added to influence the results in view of 
the heavy inoculations necessary in these experiments for uniform results.^ 
The increased acidity, since its action is to aid that of the zinc, makes its 
effect evident in the concentrations employed. This eiifect of increased 
acidity of the nutrient solution has already been noted in connection with 
the increased effectiveness of zinc in the untreated PfeiTer solution as well 
as in connection with the increased effectiveness both of iron and of zinc 
in the treated Pfeffer solution. This relation between acidity and the 
action of heavy metal appears to be of general significance, since, as already 
noted, it seems to hold also for the higher plants. 

Inspection of the values obtained in the presence of calcium ion, in the 
Pfeffer nutrient solution of about the same acidity as the treated solution, 
shows that the influence of these two factors on the results obtained in the 
treated Pfeffer solution can be disregarded. Even in the presence of much 
more calcium than is present in the treated solution as well as of a decreased 
acidity corresponding approximately to the treated solution (slightly acid 
to litmus), the customary accelerations of growth with small amounts of 
zinc are obtained. 

The next experiment (experiment 36) was planned to test the value to 
be placed on the accelerations of growth obtained in the presence of iron 
and zinc salt alone. In this experiment two Kahlbaum "Zur anal." 
compounds [FeP04 and Fe3(P04)2] were used, the phosphates being selected 
for the very simple reason that neither the nitrates nor sulphates in a 
sufficient degree of purity were available. The relative insolubility of these 
salts is hardly a factor, since the addition of iron in soluble form results in 
the precipitation of the phosphates in the nutrient solutions.' 

The spores were brown in many of the zinc-plus-iron cultures. Accom- 
panying the brown spores, many papilla-like protuberances on the upper 
surfaces of the membranes were visible. These papillae have never been 
observed in zinc-free cultures, and in zinc cultures containing sufficient 
iron have been observed only at irregular intervals. Both the iron salts 
are the Kahlbaum "Zur. anal."; the zinc salt, the Baker's "Analysed." 

^ Approximately 4 mg. dry weight of spores, etc., per flask. 

' I have estimated that the amount of material (dry-weight) added at the time of 
inoculation is on the average approximately 3-4 mg. to each flask. The actual amount of 
course probably differed widely from flask to flask. 
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We note that the growth with either zinc or iron salts alone is sharply 
limited even with concentrations that may physiologically be termed very 
high. The presence of free acid in the cultures to which the iron salts 
are added, while it does cause accelerations of growth, can not in view of 
their limited magnitude be held as the factor responsible for the results 
with the treated solution. Again we note also that there can be no question 
that sufficient sugar is present in this solution to form a yield as great as 
that I obtained with the untreated Pfeffer solution (1.024 g.). The treated 
Pfeffer solution contains all the components that A . niger requires for growth 
with the exception of sufficient iron and zinc. 

36. The effect of increased acidity of the treated solution together with that of the addition 
of iron and of zinc. 



Strain W, 12. Treated Solution 



FePOi/Flask 



FePOj/Flask 


Yield 


Ph 


Sporulation 


omg. 


0.004 g. 


3-4 


Fair 


I 


0.016 


3-4 




5 


0.004 


3-4 




20 


O.OIO 


3-4 




50 


0.021 


3-4 




100 


0.030 


3-4 




200 


0.065 


3-4- 





Fe3(POi)2/FIask 



Fe3(P04)!/Flask 


Yield 


Ph 


Sporulation 


mg. 
I 

5 

20 

50 
100 
200 


O.OIO g. 

0.032 
0.045 

0.094 

O.III 

0.147 
0.213 


3-4 

3-4 
3-4 
2-3 
2-3 
3-4 
3-4 


Fair 

it 

Excellent 
Good 



0.2 Co. HjPOj/Flask 



FeP04/Flask 


Yield 


Ph 


Sporulation 


mg. 


O.I 17 g- 


2-3 


Excellent 


I 


0.123 


2-3 




5 


0.157 


2-3 




20 


0.154 


2-3 




50 


0.187 


2-3 




100 


0.277 


2-3 




200 


0.273 


1-2 




FeaCPOOz/Flask 


Yield 


Ph 


Sporulation 


mg. 


0.071 g. 


2-3 


Excellent 


I 


0.106 


2-3 




5 


0.176 


2-3 




20 


0.170 


2-3 




50 


0.254 


2-3 




100 


0.437 


2-3 




200 


0.580 


2-3 
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O.I Mg. Zn/L 



FePOj/Flask 


Yield 


Ph 


Sporulation 


Omg. 


0.076 g. 


3-4 


Fair 


I 


0.660 


1-2 


Excellent 


5 


0.822 


1-2 


Good 


20 


0.772 


1-2 


Good 


50 


0.840 


1-2 


Excellent 


100 


0.664 


1-2 




200 


0.591 


1-2 





Fe3(P04)2/Flask 



Yield 



Ph 



Sporulation 



omg. 


0.070 


I 


0.553 


5 


0.665 


20 


0.784 


50 


1.006 


100 


1. 158 


200 


1.012 



3-4 
2-3 
1-2 
1-2 
1-2 
1-2 
1-2 



Fair 
Excellent 



Mg. Zn/L 



Mg. Zn/L 


Yield 


Ph 


Sporulation 





0.005 g. 


3-4 


Fair 


0.025 


0.047 


3-4 




I 


0.079 


3-4 


" 


5 


0.037 


3-4 


" 


10 


0.030 


3-4 


Practically sterile 


25 


0.040 


3-4 


Practically sterile 


50 


0.037 


3-4 


Practically sterile 


100 


0.072 


3-4 


" 


150 


0.040 


3-4 




200 


0.062 


3-4 


" 



My experiments with the treated Pfeffer nutrient solution indicate that 
iron and zinc are in a different class as to efficiency from any of the other 
"stimulative" elements (cobalt, nickel, etc.) so far tested. It seems prob- 
able from these experiments, further, that the large growths obtained 
apparently with the use of zinc alone in my earlier experiments (64, 65) were 
in reality due to the combined action of zinc and iron, the iron being intro- 
duced as an impurity with the sugar or the other salts together with that 
intentionally added (45). The very limited growth obtained in the treated 
solution when either is used alone indicates that only by their combined 
action could the very marked increase of growth obtained in the experiments 
referred to have been induced. A further study of the composition of the 
treated solution is necessary, but there can be no question that it still 
contains as noted the necessary salts and sugar. Experiment 35, and 
experiment 33 as well, show that neither the calcium ion nor any compounds 
which it may form has any particular effect on the growth. The evidence 
seems conclusive that the treatment really results in a more thorough 
removal from the medium of all salts of zinc and iron than had hitherto 
been achieved in such experiments on growth "stimulation." While the 
prolonged exposure to high temperatures (about 150° C.) of such a mixture 
as the Pfeffer solution with its sugar and salts and the CaCOs may lead to 
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fundamental rearrangements, the chemistry of the process as used for the 
removal of iron and zinc is well understood and is utilized as a standard 
procedure for the separation of the trivalent from the bivalent metals of the 
ammonium sulphide group. 

In the light of these experiments, I am therefore inclined to the opinion 
that the increased growth of A. niger which I have obtained in Pfeffer 
solution on addition of zinc salt, and which other workers (see review of the 
literature) have also obtained in this manner, is due not alone to the zinc 
added but to the fact that iron is present, in the same manner that the 
increased growth obtained in the presence of an iron salt is due not alone to 
the iron added but to the fact that zinc is present. 

Lipman and Gericke (34) in a carefully made series of experiments find 
that when a sodium salt in toxic amount is added to the soil in pot experi- 
ments the injurious effects can be eliminated by the addition of copper 
and zinc salts. The thirteen tables of data submitted indicate that, as 
compared with the controls with alkali salt in toxic concentration, the 
presence of copper or zinc salt results as a rule in a greater dry weight of 
straw, grain, and roots. The importance of the practical application of 
these results as a means for the utilization of "alkali" soils is obvious. 

The marked increases in yield obtained by these authors previously (33), 
under the same conditions except that no alkali salts were added, would 
indicate the possibility that in these as in their present investigations the 
acceleration in growth may be due to the action of copper, zinc, etc., 
primarily as "stimulants." That is, an acceleration in growth occurs in 
the presence of both non-toxic and toxic concentrations of "alkali" salts 
when zinc, copper, etc., are added. The effects of CuCOg in the presence 
of toxic concentrations of Na2C03 is, as compared to that obtained with 
NaCl or Na2S04, not marked according to the authors. In cultures of 
Aspergillus niger the effect of the addition of substances causing a decrease 
in acidity is, as shown in experiments 23, 25, 26, etc., markedly to decrease 
the "stimulative" action of zinc. Zinc salts and acidity have a mutual 
effect on growth, reproduction, etc., in cultures of A. niger. Acidity within 
certain limits markedly favors the growth of A . niger. Acidity of the soil is 
supposed to be detrimental to cereal crops, but here again probably only 
when it exceeds certain limits. If, as I believe to be the case, the facts 
determined for the nutrient solution with Aspergillus niger hold also in 
general for the higher plants, then maximum growth will be best assured by 
a relatively (compared to the optimum of the particular plant) lower acidity 
and the presence of heavy metals (iron, zinc, manganese, etc.) in predeter- 
mined amount. The practical application of these facts to diminish the 
action of heavy metal salts in toxic concentrations is well shown, even if 
unconsciously, by the practise of applying a good dressing of lime as an 
effective antidote (60, p. 51) whenever under special conditions infertility 
is traced to any of these metallic salts. The decreased acidity, perhaps 



368 ROBERT AARON STEINBERG 

also the partial precipitation of the heavy metals present in the soil solution, 
leads to increased growth both by decreasing their concentrations and by a 
marked diminution of the action of the heavy metals resulting from the 
increased alkalinity. 

My observations on the acceleration of growth by increased acidity, etc., 
are of interest in connection with MacDougal and Spoehr's (36) studies on 
the correlation between growth and the imbibition of water by colloids as 
influenced by variation in the acidity. Growth in Opuntia, they conclude, 
is decreased by the excessive accumulation of acids in darkness. The 
decreased acidity of the tissues due to the action of light during the forenoon 
is accompanied by an acceleration of growth. Furthermore, the imbibition 
by protein and carbohydrate colloids, and by mixtures of the two in varying 
proportions, diiifers as to acid, water, and alkali. The imbibition phenomena 
of gelatine, they find, parallel more closely the growth phenomena of the 
animal organism; whereas those of agar parallel more nearly the growth 
phenomena of plants. One of their colloidal mixtures compounded — gela- 
tine 100 + agar i — reacts as regards imbibition in the presence of acid, of 
water, and of alkali in a manner greatly similar to the growth rates of A. 
niger under similar conditions of variation in the reaction of the medium. 
Thin plates of this mixture, they find, increase in thickness to 520 percent 
of the original thickness in n/ioo NaOH, to 750 percent in water, and to 
1 100 percent in n/ioo HCl. 

It is always to be remembered, however, that in A. niger we have 
increased assimilation of food materials as shown by the increased dry 
weight. 

The phenomenon of imbibition of water by colloids has also been used 
by Fischer (15) in the interpretation of oedematous swellings in the animal 
organism. The imbibition of water by colloids like gelatine, gluten, etc., 
in the presence of various compounds and degrees of acidity is paralleled, 
he shows, to a high degree by the behavior of organized animal tissues 
under the same conditions. Whereas, however, the use by Fischer of 
certain acidities led presumably only to an increased water content, so that 
the total dry weight is not increased, in A. niger, as just noted, under analo- 
gous conditions an increase in the dry weight results. That perhaps increase 
in dry weight occurs to some extent through hydration of the colloids, as 
has been found by Pauli to take place with gelatine, is not, however, im- 
probable. Still, while there may be some question whether mere hydration 
can be referred to as growth, there can be no doubt that we have accelera- 
tion of true growth in A. niger. 

The growth accelerations of A. niger resulting from "chemical stimula- 
tion" are hardly to be attributed in their entirety to, nor apparently are 
they paralleled by, the imbibitional capacity of the fungus for water. 
Growth as we are studying it involves cell multiplication and increase in 
u'eight of organic compounds. The root-tip has long served as tne classical 
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object for the illustration of the different kinds of growth: cell division, 
increase in dry weight, and increase in volume; not to mention differentia- 
tion. At the apex the cell divides, increases in volume here being due to 
increases in the organic compounds of the cell, and h'ence in dry weight due 
to the imbibition and assimilation of foods and water. Farther back, in 
what is commonly referred to as the zone of elongation, the rapid increase 
in size of the cells appears in the main to be due to absorption of water and 
its accumulation in vacuoles, without necessarily an increase in the dry 
weight of protoplasm present. Lastly we note that certain cells undergo 
a still further modification of form in the zone of differentiation. The dis- 
tinction between the different kinds of growth is not always sharply marked. 
Neither are the primary forces making for the intake of water and foods 
by the cell determined as yet with any certainty. An increase in proto- 
plasmic volume may be attributed to an increased imbibition of water, 
just as an increase in size of the vacuoles is attributed to osmotic phenomena. 
The absorption of foods by the organism results in the formation of colloids, 
which, however, would not necessarily increase the imbibitional capacity 
of the protoplasm. Those materials which accumulate as soluble bodies 
in the vacuoles and lead to increase in size of course play a very important 
part in the elongation of the so-called growing region of the root. In A. 
niger the thickening of the cell walls (differentiation) also probably con- 
tributes largely to the end results of the growth acceleration in the presence 
of zinc and iron. It is certainly of interest that in animal tissues, in tissues 
of cacti, and in the hyphae of A. niger, increase in acidity within certain 
limits (i.e., optimum ph or acidity) may lead to increased absorption of 
water, or of nutrients that are further elaborated, or of both. 

It is clear that increased acidity and the specific effect of certain heavy 
metals are not the sole means by which growth is accelerated and spore 
formation retarded or suppressed in the case of "chemical stimulation" 
of A. niger. Such compounds as chloroform, ether, etc., which act as 
"stimulants," do not, as faf as we at present know, increase the acidity of 
the nutrient solution. No purpose is served by speculations attempting 
to suggest uniformity where none may exist. 

My studies were made under the direction of Professors W. G. Marquette 
and R. A. Harper. To both I am greatly indebted for advice, aid, and 
encouragement. 

Summary 

I. Increased acidity of the Pfeffer nutrient solution within a certain 
range results in the exhibition in Aspergillus niger cultures of growth 
"stimulation" like, but less in amount than, that obtained by addition of 
salts of certain heavy metals. The appearance of the cultures duplicates 
exactly, in decrease in sporulation and in formation of opaque hyphae 
resulting in thick, white, wrinkled membranes, that of the classic zinc 
cultures. 
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2. Increase in acidity of the nutrient solution supplements the action 
of heavy metals (zinc, iron) ; decrease in acidity detracts from the action 
of heavy metals. 

3. Salts of the heavy metals which act as "stimulants" hydrolyze as a 
rule in aqueous solution so as to result in an increased acidity, and this 
increase in acidity, though slight, owing to the low concentration in which 
the salts are used, may possibly be considered as rendered effective through 
membrane concentration. Sodium silicate is an exception to this rule of 
increase in acidity by "stimulants," and it was found in my experiments 
not to produce effects like those of zinc on the growth, sporulation, etc., 
of A . niger. 

4. The progressive increase in acidity of the culture consequent upon 
the addition of a "stimulant" is, at least in major part, a result of the activi- 
ties of the organism, and may in turn be concerned also in the acceleration 
of growth and in the retardation of spore formation. 

5. Autoclaving at 14)4 pounds the Pfeffer nutrient solution with calcium 
carbonate leads apparently to the removal to a high degree of the remaining 
traces of iron and zinc, and probably of all heavy metals present. 

6. Evidence is given that in the Pfeffer nutrient solution thus treated, 
practically no growth takes place; that the addition of either iron or zinc 
alone causes only a very slight increase in growth, but that when zinc and 
iron are added together a marked increase in growth takes place. 
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